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BLUE BLOBS: STAR-FORMING REGIONS OUTSIDE GALAXIES
D. F. de Mello1,2
RESUMEN
Utilizando datos en diversas longitudes de onda (HI, UV y  optico), hemos encontrado docenas de regiones con
formaci on estelar en el puente de HI ubicado entre M81 y M82, y en las afueras del grupo compacto HCG 100.
Hemos logrado establecer, a partir de sus propiedades f sicas, que  estas son regiones j ovenes con formaci on
estelar, las cuales se formaron en las zonas de baja densidad columnar de HI, en los restos de la interacci on
de marea. Hemos podido adem as establecer que en M81/M82 existe tambi en una poblaci on vieja, la cual fue
eyectada al medio intergal actico durante la interacci on de marea.
ABSTRACT
Using multi-wavelength data (HI, UV and optical data) we have found dozens of star-forming regions in the
HI bridge between M81 and M82 and in the outskirts of the compact group, HCG 100. From their physical
properties we have established that these are young star-forming regions which are formed in the low HI column
densities of the tidal debris. We were also able to establish that in M81/M82 an old population is also present
which was ejected into the intergalactic medium during a tidal passage.
Key Words: galaxies: interactions | H II regions | intergalactic medium
1. INTRODUCTION
In the past few years it has become clear that the
evolution of galaxies in environments in which they
strongly interact may have a major role in forming
new objects with a broad spectrum of masses, from
young clusters to tidal dwarf galaxies (e.g., Mendes
de Oliveira et al. 2004, 2006; Ryan-Weber et al.
2004). The fate of these objects and their impor-
tance in galaxy evolution and formation, enrichment
of the intergalactic medium, and globular cluster for-
mation is still debatable. Recently, we have devel-
oped a method to nd these objects. We use HI
data in combination with FUV (GALEX) and opti-
cal data of interacting galaxies and here we present
the results of two systems, the triplet formed by M81,
M82 and NGC 3077 (de Mello et al. 2008a) and the
compact group of galaxies, HCG 100 (de Mello et al.
2008b).
2. M81 AND M82
Studies of this triple system at radio wavelengths
have shown an extremely disturbed Hi distribution
with tidal bridges connecting the three galaxies (Yun
et al. 1994). Two prominent Hi knots are seen
to the east/north-east of M81, Holmberg IX and
Arp's Loop (Arp 1965). This latter feature occurs
at the intersection of the three tidal streamers. We
1Catholic University of America, DC20064, USA.
2NASA's Goddard Space Flight Center, Greenbelt
MD20771, USA (duilia@milkyway.gsfc.nasa.gov).
use multi-wavelength observations (FUV(GALEX),
HI(VLA)) including deep photometry obtained with
Hubble's Advanced Camera for Surveys (ACS), to
resolve the stellar population of FUV blobs in the
Arp's loop, and thus determine its evolutionary sta-
tus. The synthetic color-magnitude modeling shows
the presence of a young population (< 10 Myr) to-
gether with an older component with ages > 1 Gyr
with similar spatial distribution and a metallicity
Z  0:004. It is likely that the old stellar popu-
lation was formed in the M82 and/or M81 galaxies
and ejected into the intergalactic medium during
a tidal passage ( 200{300 Myr ago), whereas the
young stars have formed since the encounter in the
tidal debris. We estimate the number of O stars
in Arp's Loop, using both the GALEX FUV uxes
and the nebular H luminosity of Karachentsev &
Kaisin (2007), and nd the equivalent to 13 O8V
stars. Arp's Loop is then equivalent to  5 Orion
nebulae. These rough estimates will increase if there
is any internal extinction.
The tidal bridge between M81-M82 where Arp's
loop is located (N(Hi)  5 301020 cm 2; Yun et
al. 1994) appears to support star formation at rates
which are intermediate between the extremely low
levels seen in an object like the Magellanic bridge
and very active tidal tails like those found in, for ex-
ample, NGC 4676 (\The Mice"; de Grijs et al. 2003).
This suggests that the tidal Hi streams in the M81
system sit near the low end of a continuum of levels of
211©
 
2
0
0
9
:
 
I
n
s
t
i
t
u
t
o
 
d
e
 
A
s
t
r
o
n
o
m
í
a
,
 
U
N
A
M
 
-
 
1
2
t
h
 
I
A
U
 
R
e
g
i
o
n
a
l
 
L
a
t
i
n
 
A
m
e
r
i
c
a
n
 
M
e
e
t
i
n
g
 
o
f
 
A
s
t
r
o
n
o
m
y
E
d
.
 
G
.
 
M
a
g
r
i
s
,
 
G
.
 
B
r
u
z
u
a
l
,
 
&
 
L
.
 
C
a
r
i
g
i
212 DE MELLO
star formation in gas-rich tidal matter. Star forma-
tion requires the production of gravitationally bound
molecular clouds. Since tidal streams normally are
at most only mildly gravitationally unstable on large
spatial scales, star formation is not expected to be-
have in the same way as in the inner disks of ga-
laxies which exist on the edge of large scale gravi-
tational instability (Kennicutt 1989). Compression
to the densities required to make bound molecular
structures can be accomplished through post-shock
compression (Christodoulou et al. 1997) or through
turbulence which can enhance density perturbations
more readily leading to molecular regions that can
collapse to make stars in lower velocity cloud colli-
sions (Bergin et al. 2004; Heitsch et al. 2006). In
these models, sucient columns of Hi must interact
with speeds of  10 km s 1 to produce local regions
with N(Hi)  1021 cm 2 that are required to read-
ily shield molecular gas from radiative dissociation.
Therefore, this can explain the diuse star formation
such as the ones seen in Arp's loop.
3. HCG 100
HCG 100 is at vR = 5336 km s 1 (76.3 Mpc)
and it is formed by four late-type galaxies with ac-
cordant redshifts showing peculiarities in their mor-
phologies and also in their velocity elds (Plana et
al. 2003). Past encounters are also conrmed by an
extended Hi tail (Verdes-Montenegro et al. 2005).
As in M81/M82, we used GALEX images in com-
bination with Hi images to search for star-forming
regions. We have also obtained an R-band image
with the CTIO Blanco 4 m telescope and a mosaic
II CCD imager. We used SExtractor (SE, Bertin
& Arnouts 1996) to detect sources in the FUV and
matched that catalog with the NUV and R-band cat-
alogs. Therefore, only objects with FUV detections
were included in our nal catalog. The cross-match
in the three bands resulted not only in the four most
luminous members of HCG 100 but also 16 other ob-
jects, within the 100100 eld. Nine of these sources
are within the Hi tail and one of them is as far as
137.2 kpc from the main galaxies in the group.
We used the broad-band colors generated from
stellar populations models by Thilker et al. (2008)
to estimate the ages of the intragroup sources. We
found that all objects are younger than 200 Myr (de
Mello et al. 2008b). These ages were combined with
the FUV luminosity to estimate the stellar masses
(104:3   106:5 M) with Starburst99 models (Lei-
therer et al. 1999).
The young age of these objects and the proxim-
ity to the tidal tail connects the OB stars formation
time scale ( 108 yr) with the dynamic time scale of
the tidal features. As in M81/M82, the Hi clouds to
which many of them are associated have column den-
sities about one order of magnitude lower than the
N(HI) 1021 cm 2 thought to be required for trig-
gering star formation. So, in these cases, we have a
strong indication that the Hi clouds must have suf-
fered recent collisions which could have then trig-
gered the star formation process. Based on their
ages, stellar masses and Hi masses in their vicini-
ties, we suggested that some of these objects are
tidal dwarf galaxies with ongoing star formation and
some are intergalactic HII regions or conglomeration
of stellar clusters.
The co-authors of the two articles summarized
here are acknowledged: Jay Gallagher (U. Wiscon-
sin), D.R. Harbeck (U. Wisconsin), Claudia Mendes
de Oliveira (IAG/USP), Matt Mountain (STScI),
Elena Sabbi (STScI) Linda J. Smith (STScI/ESA)
and Sergio Torres-Flores (IAG/USP).
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